We used the Princeton School Family Study hypercholesterolemic recall group to assess whether, and to what degree, the Identification of hypercholesterolemic subjects could be Improved through the phenomenon of familial llpid and llpoproteln aggregation. A second aim was to assess whether within-family lipid and lipoprotein correlations outlasted the period of shared family environment. Approximately twice as many (as expected) siblings and offspring of hypercholesterolemic probands had plasma total and low density lipoprotein cholesterol levels greater than the 90th and 75th percent lies respectively, emphasizing how Identification of hypercholesterolemic subjects can be facilitated by use of the phenomenon of familial aggregation of plasma total and low density lipoprotein cholesterol. After exclusion of the hypercholesterolemic probands from calculations of within-family correlations, and use of natural log transformations for the probands' first-degree relatives' lipids as required, most father/pedlatrlc offspring and mother/pedlatrlc offspring correlations for lipids and lipoprotein cholesterols were significant, while most parent/adult offspring correlations were not significant. All pedlatric sibling correlations for lipids and lipoprotein cholesterols were significant; most adult sibling correlations were not significant. The loss of significance and consistency in sibling and parent/offspring llpid and lipoprotein correlations in adults who no longer shared a common household environment points to environmental Influences on total, high, and low density lipoprotein cholesterol In kindreds with a hypercholesterolemic proband.
T here is anatomic evidence that the atherosclerotic process begins in childhood, and that occlusive coronary and aortic atherosclerosis is relatively advanced by age 18-25 years. 12 Recent attention has focused on the development of strategies for efficient, early identification of children at high risk for adult coronary heart disease (CHD). 3 " 5 Measuring lipids and lipoproteins in all children, although broadly inclusive, is inefficient, expensive, and currently impractical. 6 Utilization of age-, race-, and sexspecific selected percentiles to identify high risk children makes cases rare by definition. 7 " 9 A therapeutic intervention strategy triggered by the level of cholesterol or low density lipoprotein cholesterol (C-LDL) above which treatment will ameliorate CHD cannot be employed, since such trials have not been conducted in children or in young adults and would take a generation to complete. 5 Identification of children and adults at high risk for CHD can be facilitated by utilizing the phenomenon of familial aggregation of CHD risk factors and CHD itself. 10 " 21 Quantitation of CHD risk factors in children predicts risk factors in their parents 10 ' 11 - 16 and vice versa. 12 " 15 ' 17 " 21 Since hypercholesterolemic children predict accelerated CHD in adults, 10 ' 11 - 16 and since parental CHD 12~15 ' 17~21 and stroke 17 ' 18 ' x predict increased prevalence and severity of CHD risk factors in their progeny, familial sharing of hyperlipoproteinemia accounts in part for familial clustering of CHD. 10 -21 Within-family correlations of CHD risk factors, particularly cholesterol, blood pressure, and relative ponderosity have been extensively described in the past 25 years, 11 ' 12 ' 22 -33 but only a few studies have examined lipoprotein correlations. 27 ' 29~3133 The Cincinnati Lipid Research Clinic Princeton School District Family Study design 29 included examinations of probands and all first-degree relatives, thereby making it possible to investigate lipid and lipoprotein associations for parents and their pediatric and adult offspring, and to assess sibling correlations for pediatric and adult siblings. Thus, the Princeton Family study, unlike multiple previous investigations of familial lipid-lipoprotein associations, 10 ' 11.22-29.31-33 allowed ah assessment of whether, and to what degree, parent/offspring and sibling associations for lipids and lipoproteins outlasted the period of shared household environment. These data, available from the Lipid Research Clinic Family Study 21 ' 29.34,35 a n c j f r o m t n e Framingham Offspring Study, 30 are important in the attempt to partially differentiate genetic from environmental effects on lipoproteins and to separate transient from more permanent effects.
We used the Princeton School Family Study 29 hypercholesterolemic recall group to assess whether, and to what degree, the identification of hypercholesterolemic subjects could be improved through the phenomenon of familial aggregation. A second aim, made possible by the availability of pediatric siblings, adult siblings, parents and pediatric age children, and parents and adult children, was to assess whether familial lipid and lipoprotein correlations outlasted the period of shared family environment.
Methods

Study Population
Historical Perspective
The Cincinnati Lipid Research Clinic's Princeton School District Prevalence Study and its subsequent Princeton Family Study have been described 9 ' 21 ' 252 7 ' M and are summarized in table 1 and figure 1. The Prevalence Study, which included two sequential assessments, Visits 1 and 2, was an epidemiologic survey of lipids, lipoproteins, and other CHD risk factors in a population of school children and their parents in an economically varied, racially integrated, school district in Greater Cincinnati. At Visit 1, plasma cholesterol and triglyceride were measured in children, and in about half of their parents. Each subject was assigned a random number between 1 and 100 (figure 1). At Visit 2, approximately 6 weeks later, 15% of the Visit 1 population were randomly selected as a subset (subjects with random numbers between 1 and 15), and another 10% as a hyperlipidemic recall group (those with random numbers 16-100) based on their lipid values at Visit 1 (figure 1). Fasting lipids and lipoprotein cholesterols were then measured, and extensive family health history, physical examination, blood pressure, and nutrition data were obtained. 9 ' 25~27 ' M 
Family Study
The Princeton School Family Study was a survey of probands drawn from the pool of Visit 1 Prevalence Study subjects and included all of the probands' first-degree relatives. Probands and first-degree relatives were studied at a special Family Study Visit (Visit 3) at 6 months to 1 year after Visit 2 of the Prevalence Study. Following the collaborative Lipid Research Clinic plans, 7 ' Ui •" probands selected for the Family Study were drawn from the Prevalence Study, Visit 1, and included random subjects (numbers 1,2) and subjects selected for high triglyceride or high cholesterol (numbers 3-15), suspected Type III and V phenotypes, 99th percentile total cholesterol or triglyceride (numbers 16-100), and miscellaneous factors, as previously described (figure 1) 21,29 within these selection criteria, each proband at the Family Study Visit was selected independently of other probands; the selection of Proband A was not dependent upon selection of Probands B, C, and D, and vice versa. If the proband was a schoolchild, the first-degree relatives sampled included parents and siblings (table 1). If the proband was a parent, then the first-degree relatives included progeny, parents (grandparents of the student), and siblings. The Family Study was designed to sample as many of the probands' first-degree relatives as possible, 51 ' 29 ' 34 to allow study of CHD risk factors in nuclear and extended families. In this report, we evaluate only white probands, their spouses, and first-degree relatives. Other relatives of the probands, cousins, half siblings, adoptive or foster siblings, stepparents, or guardians are not included in this analysis.
For this analysis, two mutually exclusive groups of hypercholesterolemic probands were selected. These included probands having random numbers 3-15 and total cholesterol greater than the age-, sexspecific 90th percentile at Visit 1 (high TC, figure 1), or numbers 16-100 and total cholesterol greater than the age-specific 99th percentile at Visit 1 (99th percentile TC, figure 1). Of 29 pediatric and 36 adult hypercholesterolemic probands (table 1), 27 and 33 respectively are included in this analysis; two pediatric and three adult probands who participated in the Family Study were excluded from this analysis because of nonfasting at the Family Study Visit. The subject population also included all available firstdegree relatives of probands selected because of elevated total cholesterol (90th and 99th percentile TC, table 1).
Statistical Methods
Statistical analyses were performed separately for pediatric (under 20 years of age) and adult (20 years of age and older) subjects after excluding the probands. We arbitrarily defined these age groups because the younger group generally shares a common household environment with parents and siblings.
To assess the identification of high risk subjects obtained by screening first-degree relatives of hypercholesterolemic probands, the distributions of siblings and offspring of hypercholesterolemic probands within selected Lipid Research Clinic agesex-race-specific percentiles 7 ' 8 were arrayed (tables 2 and 3). The statistical significance of the differences in the proportion of relatives above selected percentiles compared to the proportion expected from a normal distribution without a shift in the location parameter was determined using a one-sided x 2 test (table 4) . 36 To describe further the familial associations of lipid levels in households identified by hypercholesterolemic probands, parent/child and sibling correlations of lipids and lipoproteins were calculated 36 only after taking the following steps to avoid overt violation of the statistical assumptions that underlie the performance of sibling and parent/child correlations. The statistical procedures used to describe the parent/ child and sibling associations of lipids and lipoproteins assume a bivariate normal distribution. Further, the null hypothesis of no familial association assumes that each family member's lipoprotein value was, in effect, randomly drawn from a normal distribution of values. Since the probands were selected because they had elevated cholesterol, their inclusion would badly violate these assumptions. Therefore, the hypercholesterolemic probands were excluded from the analyses of familial association, i.e., from parent/offspring and sibling/sibling correlations. Distributions of lipids and lipoproteins in the probands' first-degree relatives (siblings, parents, offspring) were tested for normality by the Kolmogorov-Smirnov test, for each age group. 36 In these first-degree relatives, the raw data distributions of total cholesterol and C-LDL were normally distributed, with a positive shift toward higher values in the location parameter when compared to a randomly accessed population. 7 Distributions of raw triglyceride and C-HDL data were not normally distributed, but were transformed into normal distributions using natural log transformations. Statistical analyses of the familial associations of total cholesterol and C-LDL in high cholesterol recall families were thus performed using raw, normally distributed data, while the triglyceride and C-HDL analyses were done using data after natural log transformation.
The associations of lipids and lipoproteins within sibships were described by intra-class correlations using a one-way analysis of variance in which a distinct value of the classification variable existed for each family. 37 The analyses were performed separately for adult sibships and for pediatric sibships.
Data for siblings under 20 and 20 years of age and older did not appear in the same analysis. Because the number of siblings per sibship varied, the intraclass correlations were adjusted using the method of Donner. 38 The results reported here were calculated without adjustments for age and sex. When age and sex terms were added to the model, no changes in the significance of the resulting intra-class correlations were observed.
The associations of lipids and lipoprotein levels between parents and their offspring were assessed by Pearson's correlations. 36 Again, the analyses were performed separately for pairs in which the offspring was under 20 and 20 years and older. Because a parent could have some offspring under 20 and others 20 years of age or over, parent values could be used with values of different offspring in both adult offspring and pediatric offspring analyses. Because the number of offspring per household varied, the degrees of freedom used for calculating statistical significance were adjusted using the method of Rosner et al. 39 Parent-child correlations were also performed after adjusting for age of parent and age and sex of offspring, separately for fathers and mothers. Adjustments were obtained from a second degree polynomial of lipid (or lipoprotein) on age by sex, for parents, and for adult and pediatric offspring separately. Results using adjusted and unadjusted values led to the same conclusions for all parent/ child correlations. As was the case for sibling correlations, the results we report here are without adjustment for age and sex.
Lipid and Lipoprotein Quantltation
For the family study, subjects fasted for 12 hours and then blood was obtained for quantitation of plasma total cholesterol, triglyceride, high and low density lipoprotein cholesterol (C-HDL, C-LDL) following Lipid Research Center methodology, as previously described. 40 Only fasting subjects (12 hours or more), are included in this report. When the probands' first degree relatives could not be sampled at the Cincinnati Lipid Research Clinic or at any other lipid research clinic, blood was shipped from the subjects' clinic or private physician. 3 ' 40 Occasionally insufficient plasma was available to measure lipoprotein cholesterols, but enough to quantitate total plasma cholesterol and triglyceride.
Results
Study Population
There were 29 pediatric hypercholesterolemic probands and 36 hypercholesterolemic adult probands who participated in the Family Study (table 1) . Five probands were excluded from these analyses because of nonfasting at the Family Study Visit, allowing analysis in this report of 60 hypercholester-olemic probands (table 2) . The number of first-degree relatives sampled from the pediatric and adult probands and the number eligible are displayed in table 1. For the aggregate study group, 67% of probands' parents, 69% of probands' siblings, and 82% of probands' offspring were sampled. In aggregate, including probands and their first-degree relatives, of 431 eligible, 335 (78%) were sampled (table 1) . Table 2 presents the distribution within age-, race-, sex-specific Lipid Research Clinic percentiles 7 of total cholesterol, C-HDL, and C-LDL at the Family Study in the probands, and the distributions within percentiles of total cholesterol, C-HDL, and C-LDL of their siblings. All probands had to have a total cholesterol & 90th or > 99th percentile at Visit 1 of the Prevalence Study to be selected. Of the 60 probands, 63% had total cholesterol 3= the 90th percentile 7 at their Family Study evaluation.
Sibling Concordance of Lipids and Llpoprotelns
The 60 probands had 100 fasting siblings also tested in the Family Study (table 2). The distribution within the Lipid Research Clinic percentiles 7 of the siblings' total cholesterol is presented in cross tabulation with the probands' Family Study total cholesterol percentile. Of the 100 siblings, 23% had a total cholesterol in the top decile of the Lipid Research Clinic random population distribution (p < 0.01), and 57% were in the top quartile (p < 0.01) (tables 2 and 4).
The distribution of C-HDL in the hypercholesterolemic probands at the Family Study did not reflect a strong association between C-HDL and the probands' total cholesterol (table 2). Of the 60 probands, 17% had C-HDL in the top decile (p > 0.1). Of the siblings, 60% had C-HDL in the top decile (p > 0.1), and 56% had C-HDL in the top two quartiles (table 2). As displayed in table 2, 58% of the 60 hypercholesterolemic probands had C-LDL in the top decile at the Family Study. The 60 probands had 91 siblings whose C-LDL was quantitated; 20% of the 91 siblings had C-LDL in the top decile, p < 0.01, and 48% of these 91 siblings were in the top quartile for C-LDL (p < 0.01) (tables 2 and 4). There were no significant distributional shifts of triglyceride in the 60 hypercholesterolemic probands or in their 100 siblings. Table 3 presents the distribution within age-, race-, sex-specific Lipid Research Clinic percentiles 7 of total cholesterol, C-HDL, and C-LDL in the children of hypercholesterolemic parent/probands in cross tabulation with the parents' Family Study cholesterol percentile. There were 27 hypercholesterolemic parent/probands having a total of 65 children. Of these 27 parent/probands, 70% retained elevated total cholesterol (5s 90th percentile) at the Family Study Visit (table 3) . Of the probands' children, 26% had total cholesterol 2* the 90th percentile (p < 0.01), and 46% had total cholesterol in the top quartile (p<0.01).
Table 4. Percent of Hypercholesterolemic Probands' Siblings and Offspring Having Total Cholesterol and Low Density Lipoprotein Plasma Cholesterol 2= Age-Sex-Race-Speclflc 75th and 90th Percentile Levels at the Family Study Visit
Parent/Child Concordance of Llplds and Llpoprotelns:
Of 23 probands, none had C-HDL above the 90th percentile, and 74% were below the 75th percentile (table 3) . There was a shift toward higher C-HDL in probands' children; 22% had C-HDL in the top decile (p<0.01) (table 3) .
Of the 23 probands, 74% had C-LDL =s 90th percentile (table 3) . Of the 55 children, 18% had C-LDL in the top decile, and 42% had C-LDL in the top quartile (p < 0.01) (tables 3 and 4). Of the 40 offspring whose parents' C-LDL was 3= the 90th percentile, 23% had top decile C-LDL themselves, p < 0.01 (table 3) .
There were no significant shifts in the distribution of plasma triglyceride levels in either the parent probands or their offspring.
Sibling Lipid and Llpoproteln Correlations
Sibling lipid and lipoprotein correlations for pediatric and adult siblings are presented in table 5. For the pediatric sibships (sharing common environments), all the correlations were significant, ranging from r = 0.232 to 0.544. The highest sibling correlation was for C-LDL. Where common environments were no longer shared by sibling pairs (i.e., in adult sibships) only C-HDL was significantly correlated in adult sibships (r = 0.272).
Parent/Child Lipid and Lipoprotein Correlations
Parent/child lipid and lipoprotein correlations are summarized by specific parental relationship for pediatric and adult offspring in table 6. The parents and children included in this table were identified by either a parent proband or a child proband. Each of the mother/pediatric offspring lipid and lipoprotein correlations was significant. The father/pediatric offspring correlations for C-HDL and C-LDL were also highly significant, while those for total cholesterol and triglyceride were not significant (table 6) .
Of the eight parent/adult offspring lipid-lipoprotein correlations, only two, the father/child C-HDL and mother/child C-LDL were significant (table 6). Loss of shared environment by parents and their adult offspring was thus associated with a reduced consistency and significance of parent/child lipid and lipoprotein correlations.
Discussion
Identification of Hypercholesterolemic Subjects
The hypercholesterolemic recall subset of the Princeton School Family Study allowed us to assess fasting lipids, lipoproteins, and lipid-lipoprotein correlations in the specific group that physicians focus upon, hypercholesterolemic probands and their firstdegree relatives. Although there was a tendency for the probands to record lower (percentile) results for total cholesterol at the Family Study visit than at Visit 1, a shift explained by the phenomenon of regression toward the mean, 63% of the probands retained cholesterol s= 90th percentile at the Family Study, and nearly 90% remained in the top quartile.
Approximately twice as many (as expected) siblings and offspring of hypercholesterolemic pro- bands had plasma choleseterol and C-LDL ^ levels greater than the Lipid Research Center population 90th and 75th percentiles respectively, emphasizing how the identification of high CHD risk subjects can be facilitated by utilizing the phenomenon of familial aggregation of plasma total and LDL cholesterol. Identification of CHD risk factors in children facilitates identification and prediction of risk factors in their parents, 10 ' 11 -16 while knowledge of the adults' family history and measurement of adult CHD risk factors predicts risk factors in progeny. 12~15 ' 17~21 We speculate that the best measurements of increased risk of CHD in subjects with a positive family history for CHD may not be a set of "risk factor" measurements at age 40 years, but knowledge of how long and to what degree risk factor abnormalities have been present. Lipid and lipoprotein measurements along with determination of blood pressure in late adolescence and early adulthood may be more predictive of CHD than measurements later in life. This may explain why total and LDL cholesterol have less predictive power for future CHD in males over 50 years, as compared to those under 50, at intake in the Framingham Study. 42 
'«
The total number of probands (n = 60), siblings (n = 100), and offspring (n = 65) is relatively small compared to distribution-wide population studies of CHD risk factors in parents, offspring, and siblings. 11 ' 23. 29 .3°33 T n i S cohort is, however, drawn from the much larger Cincinnati Lipid Research Clinic's Princeton School and Prevalence Data Base (Visit 1 ). 7 ' 9 ' 21 -25~27 Although the results of this study are based on a relatively small sample size and on a distribution shifted horizontally toward higher cholesterol levels, the enhanced identification of high risk subjects is entirely congruent with other evaluations of larger unselected populations. 11 ' 17,18,20,22-24,30 Our study was not designed to include sufficient numbers to provide direct guidance for planning of future programs for school population-based sampling for CHD risk factors, but does reiterate the conclusion of Ibrahim etal. 11 in 1971 from a study of 501 high school students and their fathers ". . . the identification of coronary-prone adults through a study of coronary risk factors among their children appears to have practical application."
Familial Lipid and Lipoprotein Correlations and Shared Family Environment
In pediatric sibships, total cholesterol, C-HDL, and C-LDL were all highly correlated, p < 0.001, while only C-HDL was correlated in adult sibships. This difference in sibling correlations was particularly marked for C-LDL, where the correlation coefficient was 0.54 for pediatric sibships and -0.12 for adult sibships. In contrast to our finding in hypercholesterolemic kindreds of nonsignificant adult sibling cholesterol and C-LDL correlations, Garrison et al. 30 in the Framingham Offspring Study (random subject selection) observed significant adult sibling correlations for total cholesterol, C-HDL and C-LDL. Similarly, we have reported significant adult sibling correlations for total cholesterol, triglyceride, and C-LDL, but not C-HDL, in siblings of randomly selected white probands in the Princeton School Family Study. 29 Thus, although adult siblings from randomly recalled cohorts retain significant lipid and lipoprotein correlations, 29 ' M adult sibling cholesterol and C-LDL correlations in kindreds with hypercholesterolemic probands are not significant. This loss of sibling cholesterol and C-LDL correlations when the common shared household environment is also lost, as is the case for adult sibships, suggests a substantial role for environmental factors in households with hypercholesterolemic probands. We speculate that these environmental factors are lost or diluted as siblings leave common "hypercholesterolemic" household environments.
A common household effect was also seen for parent/offspring correlations. There were strong parent/child correlations for C-LDL for fathers and their pediatric offspring (r = 0.43), and for mothers and their pediatric offspring (r = 0.49) in households with a hypercholesterolemic proband. These parent/child correlations were qualitatively similar to those observed in our randomly recalled white parents and children, 29 respectively r = 0.38 and r = 0.41 for father/child and mother/child correlations. 29 In hypercholesterolemic kindreds, for fathers and their adult offspring living in different households, the C-LDL correlation was not significant, while the C-LDL correlation between mothers and their adult offspring was significant (r = 0.33), despite the fact that the mothers and their adult offspring no longer shared a common household. We speculate that, when environmental factors are shared by parents and children from hypercholesterolemic kindreds, retention and sharing of environmental effects may be more marked between mothers and their children than fathers and their children after loss of the common household environment.
In the randomly recalled subjects in the Tecumseh Study, 23 parent/child correlation coefficients for total cholesterol were generally comparable for parents and their 4-to 19-year-old children and parents and their 20-to 29-year-old children, but the mother/ daughter correlation for total cholesterol for 30-to 39-year-old daughters was less significant than for the younger age groups. In 4-to 19-and 20-to 29year-old offspring in the Tecumseh Study, 23 although children resemble their mothers and fathers equally vis-a-vis blood pressure, mother/child correlations were closer than father/child correlations for total cholesterol, a finding similar to that in our study. Garrison et al. 30 in the Framingham Offspring Study, also reported that mother/offspring correlations were higher than father/offspring correlations in a randomly recalled cohort.
The phenomenon of familial aggregation of plasma total and LDL cholesterol, along with the close sibling and parent/offspring associations for C-LDL observed in hypercholesterolemic family units sharing common household environments, underlines the preventive medicine potential that can be realized after identification of a hypercholesterolemic proband and after sampling of all first-degree relatives. Presumably, shared environmental factors that elevate C-LDL can be identified and altered, not only in the proband, but in the first-degree relatives. Shared "monogenic" familial hyperlipoproteinemias can also be identified, 3 " 512 " 1628 with institution of appropriate diet and drug therapy designed to reduce C-LDL levels and retard or block the progression of atherosclerosis.
